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Description 

Field of the invention 

The present invention relates to a semiconduc- 
tor laser beam scanning device for combining the 
laser beams emitted from a plurality of semicon- 
ductor lasers into a single laser beam and for 
scanning the single laser beam. 

Description of the Prior Art 

Light beam scanning devices having light de- 
flectors for deflecting light beams for line scanning 
are widely used in various apparatus such as scan- 
ning recorders or printers, scanning readout ap- 
paratus, and the like. Various means for generating 
the light beams have heretofore been employed in 
the light beam scanning devices. One of the con- 
ventional light beam sources is a semiconductor 
laser which is smaller in size, less costiy, and lower 
in electric power consumption than gas lasers and 
other types of lasers. The semiconductor laser is 
also advantageous in that the emitted laser t>eam 
can be modulated directly by varying the drive 
current 

However, the semiconductor laser has its own 
shortcoming. Its output power is low. Semiconduc- 
tor laser sources now commercially available can 
produce light outputs ranging from 20 to 30 mW, at 
most, when they are continuously excited. There- 
fore, the semiconductor laser cannot be employed 
in light beam scanning devices which require a 
high-energy light beam to be scanned, such as 
scanning recorders for recording images on low- 
sensitivity materials such as drawn materials, typi- 
cally metal films and amorphous films. 

When certain kinds of phosphors are exposed 
to a radiation such as X-rays, a-rays, ^-rays, y 
rays, cathode-rays or ultra-violet rays, they store a 
part of the energy of the radiation. Then, when the 
phosphor which has t>een exposed to the radiation 
is exposed to stimulating rays such as visible light, 
light is emitted by the phosphor in proportion to the 
stored energy of the radiation. A phosphor exhibit- 
ing such properties is referred to as a stimulable 
phosphor. 

As disclosed in Japanese Unexamined Patent 
Publication Nos. 55(1 980)-1 2429. 55(1 980)-1 16340, 
55(1 980)-1 63472. 56(1 981 )-1 1 395. and 56(1981)- 
104645. for example, it has been proposed to use 
a stimulable phosphor in a radiation image record- 
ing and reproducing system. Specifically, a or web 
provided witii a layer of the stimulable phosphor 
(hereinafter referred to as a stimulable phosphor 
sheet) is first exposed to a radiation passing 
through an object such as a human body to have a 
radiation image stored thereon, and is then 



scanned with stimulating rays such as a laser 
beam which cause it to emit light in the pattern of 
the stored image. The light emitted by the stimula- 
ble phosphor sheet upon stimulation thereof is 
5 photoelectrically detected and converted to an 
electric image signal, which is processed as de- 
sired to reproduce a visible image on a recording 
medium such as a photographic light-sensitive ma- 
terial or on a display device such as a cathode ray 
70 tube (CRT). 

It has been proposed to use a light beam 
scanning device having a semiconductor laser in 
the above radiation image recording and reproduc- 
ing system for scanning the stimulable phosphor 
IS sheet to read the radiation image information 
stored on the stimulable phosphor sheet. It is how- 
ever necessary to illuminate the phosphor with a 
stimulating ray of a sufficientiy high energy in order 
to enable the stimulable phosphor sheet to emit 
20 light in response to exposure to the stimulating 
rays. Because of the output shortage, the light 
beam scanning device with the semiconductor la- 
ser has been difficult to employ in the radiation 
image recording and reproducing system for read- 
25 Ing the radiation image information from the 
stimulable phosphor sheet. 

One way to produce a scanning light beam of a 
sufficientiy high energy from a semiconductor laser 
source would be to use a plurality of semiconduc- 
30 tor lasers and combine the laser beams emitted 
from the semiconductor lasers into a single laser 
beam. The laser beams firom the respective semi- 
conductor lasers may be combined together some- 
where in the light beam paths leading to a scan- 
as ning spot, or be combined together on tiie scan- 
ning spot. As well known in the art, the amount of 
energy of a laser beam emitted from a semicon- 
ductor laser varies with time-dependent changes In 
the characteristics of the semiconductor laser, and 
40 also with the ambient temperature and various oth- 
er factors. Therefore, it would be necessary to 
control the combined single laser beam for a con- 
stant amount of laser beam energy. It has been 
known to detect the amount of energy of a laser 
45 beam with a laser beam energy detector and feed 
a signal from the detector back to a laser beam 
energy control circuit for controlling the amount of 
energy of the emitted laser beam to keep it con- 
stant. However, such a conventional laser beam 
so energy control arrangement would be -disadvanta- 
geous if used with a plurality of semiconductor 
lasers for generating a single combined laser beam 
since there would be required as many laser beam 
energy detectors and confrol circuits as the num- 
55 ber of semiconductor lasers employed, resulting in 
a large and expensive light beam scanning device. 

Patent Abstracts of Japan, vol.8, no.109 (P- 
275)[15461. 22.05.84 discloses a scanning device In 
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which a detector signal of a combined beam of a 
semiconductor laser array controls the power of 
each primary beam. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to pro- 
vide a semiconductor laser beam scanning device 
which is capable of keeping constant the amount of 
energy of a single laser beam produced by com- 
bining the laser beams emitted from a plurality of 
semiconductor lasers. 

According to the present invention there is 
provided a semiconductor laser beam scanning 
device comprising: 

i) a plurality of semiconductor lasers for emitting 
a respective plurality of primary laser beams; 
il) combining means for combining said primary 
laser beams into a single combined laser beam; 
iii) scanning means for scanning a surface with 
said combined laser beam; 
(iv) detecting means for detecting the power of 
said combined laser beam; and 
v) control means responsive to a detected signal 
from said detecting means for controllably en- 
ergizing at least one but not all of said semicon- 
ductor lasers to control the power of the primary 
laser t>eam emitted therefrom and thereby main- 
tain substantially constant the power of sad 
combined laser beam. 

With this arrangement, the power of the single 
combined laser beam which scans the surface is 
maintained at a desired constant level by control- 
jing the power of the primary laser beam emitted 
from one or more, but not all, of the semiconductor 
lasers. Since the control means is not required to 
control all of the semiconductor lasers, it is simple 
in arrangement, and hence the semiconductor laser 
beam scanning device is small in size and inexpen- 
sive to manufacture. 

The above and other objects, features and ad- 
vantages of the present invention will become more 
apparent from the following description when taken 
in conjunction with the accompanying drawings in 
which preferred embodiments of the present inven- 
tion are shown by way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rgure 1 Is a schematic perspective view of a 
semiconductor laser beam scanning device ac- 
cording to a first embodiment of the present 
invention; 

Rgure 2 is a schematic view of a semiconductor 
laser beam scanning device according to a sec- 
ond embodiment of the present Invention; 
Rgure 3 is schematic perspective view of a 
semiconductor laser beam scanning device ac- 



cording to a third embodiment of the present 
invention; 

Figure 4 is schematic perspective view of a 
semiconductor laser beam scanning device ac- 
5 cording to a fourth embodiment of the present 
invention; 

Rgure 5 is schematic view of a semiconductor 
laser beam scanning device according to a fifth 
embodiment of the present invention; 
10 Rgure 6 is schematic perspective view of a 
semiconductor laser beam scanning device ac- 
cording to a sixth embodiment of the present 
invention; 

Rgure 7 Is schematic view of a semiconductor 
T5 laser beam scanning device according to a sev- 
enth embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

20 

Identical or corresponding parts are denoted by 
Identical or corresponding reference characters 
throughout the views. 

As shown in Rgure 1, a semiconductor laser 

25 beam device according to a first embodiment of 
the present invention includes a plurality (four in 
the illustrated emkx>diment) of semiconductor la- 
sers 11, 12. 13, 14 spaced laterally from each other 
for emitting laser beams in parallel relation to each 

30 other. The semiconductor lasers 11, 12, 13, 14 are 
associated with respective^ collimator lenses 21 , 22, 
23, 24 and respective reflecting mirrors 31, 32. 33. 
34. The laser beams emitted from the semiconduc- 
tor lasers 11, 12. 13. 14 are converted by the 

35 collimator lenses 21. 22, 23, 24 to respective par- 
allel beams 41. 42, 43. 44. which are reflected by 
tiie reflecting min-ors 31. 32. 33, 34, respectively, 
toward a common galvanometer mirror 5. 

The galvanometer mirror 5 is reciprocally mov- 

40 able angulariy in the directions of the arrow A for 
deflecting tiie parallel beams 41, 42, 43, 44 tfirough 
an angular interval. The parallel beams are then 
combined by a common focusing lens 6 into a 
single laser beam 45, tiie lens causing each pri- 

45 mary beam to converge on beam spot S. A surface 
7 placed where the beam spot S is formed can 
therefore be scanned in the directions of the arrow 
B by a scanning beam of a high power which is 
produced by combining the laser beams emitted 

50 from the semiconductor lasers 11, 12, 13. 14. The 
surface 7 to be scanned is shown as flat, and 
hence the focusing lens 6 comprises an fo lens. 

The semiconductor lasers 11, 12, 13 out of the 
four semiconductor lasers are energized by a con- 

55 stent current supplied from a constant-cun^ent laser 
drive circuit 50 so that tiie amounts of energy of 
the laser beams emitted from the semiconductor 
lasers 11, 12, 13 will remain uncontrolled. The 
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remaining semiconductor laser 14 is energized by 
a variable current fed from a laser drive/control 
circuit 51 for controlling the power of the laser 
beam emitted from the semicondcutor laser 14. A 
laser beam energy detector 52 such as a 
photodiode is disposed in a position out of the 
effective scanning width on the surface 7 for de- 
tecting the power of the combined laser beam on 
the beam spot S. The output signal from the laser 
beam energy detector 52 is amplified by an am- 
plifier 53 which applies the amplified signal as a 
beam energy signal P to the laser drive/control 
circuit 51. 

As mentioned above, the Power of the laser 
beams emitted from the semiconductor lasers 11. 
12, 13,14 varies dependent on time-dependent 
changes in the characteristics of the semiconductor 
lasers 11, 12, 13, 14. and also with the ambient 
temperature and other factors, and hence the pow- 
er of the combined beam at beam spot S also 
varies therewith. The power of the combined beam 
at beam spot S is detected by the laser beam 
energy detector 52 in each scanning cycie. The 
beam energy signal P indicating the detected pow- 
er of the combined beam of beam spot S is am- 
plified and applied to the laser drive/control circuit 
51 . The laser drive/control circuit 51 compares the 
beam energy signal P with a reference beam en- 
ergy signal representing a reference laser beam 
power. If the detected laser beam power is lower 
than the reference laser beam power, then the 
laser drive/control circuit 51 controls the semicon- 
ductor laser 14 to increase its output, conversely, if 
the detected laser beam power is higher than the 
reference laser beam power, then the laser 
drive/control circuit 51 controls the semiconductor 
laser 14 to reduce its output. When the semicon- 
ductor laser 14 is thus controlled, undesired vari- 
ations in the combined laser beam power of the 
combined beam spot S are eliminated to keep the 
laser beam power constant there. The output of the 
semiconductor laser 14 may be controlled, i.e.. 
increased and reduced, in proportion to the dif- 
ference between the detected and reference laser 
beam power, or may be controlled to vary by small 
fixed amounts. 

One cycle of variations caused in the powers of 
the laser beams from the semiconductor lasers 11, 
12, 13. 14 for the reasons given above is extremely 
long as compared with the period of a scanning 
cycle of the beam spot S. Therefore, the combined 
beam power of beam spot S remains virtually un- 
changed in one scanning cycle, and can be main- 
tained at a constant level simply by controlling the 
output of the semiconductor laser 14 dependent on 
the combined beam power at beam spot S once in 
each scanning cycle. NAAiile the parallel beams 41, 
42, 43, 44 are converged by the focusing lens 6 in 



the illustrated anrangement, the principles of the 
present invention are applicable to a semiconductor 
laser beam device in which a plurality of semicon- 
ductor lasers are arranged so that convergent laser 

5 beams emitted therefrom are combined so as to 
fall on a common beam spot 

Figure 2 shows a semiconductor laser beam 
scanning device according to a second embodi- 
ment of the present invention. As shown in Rgure 

10 2 the laser beams emitted respectively from six 
semiconductor lasers 61. 62. 63. 64. 65. 66 are 
converted by respective collimator lenses 71. 72. 
73. 74. 75. 76 to convergent beams 81 , 82, 83. 84, 
85. 86. respectively. The convergent beams 81, 82. 

IS 83. 84. 85 converge toward and are combined by a 
hologram element 90 into a single high-power laser 
beam 87 which is deflected by a rotating polygonal 
min-or 91. for example, to scan a surface (not 
shown). 

20 The semiconductor lasers 61 through 65 out of 
the six semiconductor lasers are energized by a 
constant cun-ent supplied from a laser drive circuit 
50 (identical to tiie laser drive circuit 50 shown in 
Rgure 1). and the remaining semiconductor laser 
25 66 is energized by a variable current supplied from 
a laser drive/control circuit 51 Odentical to tiie laser 
drive/control circuit 51 illustrated in Rgure 1), A 
half-silvered min-or or fc^eam splitter 92 is positioned 
in tiie beam path for the combined beam 87 for 
30 dividing a laser beam 87a from tiie combined laser 
beam 87. The divided laser beam 87a falls on a 
laser beam energy detector 52 which detects tiie 
power of ttie laser beam 87a. The beam splitter 92 
also allows a laser beam 87b to pass tiierethrough, 
35 tile power of tiie laser beam 87b being proportional 
to ttiat of tiie laser beam 87a. Therefore, tiie power 
of the laser beam 87b can be detected by detect- 
ing tiie power of tfie divided laser beam 87a witti 
the detector 52. The output signal from the detec- 
40 tor 52 is amplified by an amplifier 53 which issues 
a laser beam energy signal P to the laser 
drive/control circuit 51. The laser drive/control cir- 
cuit 51 operates in tiie same manner as tfie laser 
drive/control circuit 51 in Rgure 1 for controlling 
45 tiie power of the laser beam 87b to be kept at a 
constant level dependent on the laser beam energy 
signal P. 

Instead of tiie hologram element 90, other 
known beam combining means such as a biaxial 
50 crystal element may be employed for combining 
tiie laser beams emitted from ttie semiconductor 
lasers 61 through 66 into a single laser beam 
before reaching a scanning spot. The galvanometer 
mirror 5 (Rgure 1) or ttie polygonal minror 91 
55 (Rgure 2) may be replaced witii a hologram scan- 
ner or the like. 

Rgure 3 shows a semiconductor laser beam 
scanning device according to a tiiird embodiment 
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of the present Invention. Since the semiconductor 
laser beam shown in Figure 3 is similar to the 
semiconductor laser beam of Rgure 1. the different 
structural details will mainly be described. As illus- 
trated in Rgure 3, four semiconductor lasers 11. 
12. 13, 14 are energized by constant cunrents sup- 
plied from respective constant-current laser drive 
circuits CI. C2, C3. C4. Since the semiconductor 
lasers 11 through 14 are energized by the supplied 
constant currents, any variation in the powers of 
the parallel laser beams 41 through 44 and hence 
in the power of the single laser beam 45 is sup- 
pressed to a certain extent. To prevent the power 
of the single laser beam 45 from being varied, a 
control circuit D4 capable of varying the current 
setting in the constant-current laser drive circuit is 
connected to one of the constant-current laser 
drive circuits (C4 in the embodiment of Rgure 3). 
Between the amplifier 53 and the control circuit D4. 
there Is connected a comparator 46 for comparing 
the beam energy signal P fed from the amplifier 53 
and a reference signal Sr representative of a pre- 
scribed power for the combined laser beam 45 at 
beam spot S. 

In operation, the power of the combined laser 
beam at beam spot S is detected by the laser 
beam energy detector 52 in each scanning cycle. 
The beam energy signal P is supplied from am- 
plifier 53 to the comparator 46 which compares the 
signal P with the reference signal Sr. If ^e beam 
energy signal P is greater than the reference signal 
Sr, i.e., if the power of the combined beam at 
beam spot S is higher than the prescrit>ed power 
value, then the comparator 46 generates a dif- 
ference signal of a high level (H). If the beam 
energy signal P is lower than the reference signal 
Sr. then the comparator 46 produces a difference 
signal of a low level (L). 

The high- or low-level difference signal (H/L) 
generated by the comparator 46 is applied to the 
control circuit D4. The control circuit D4 lowers the 
current setting in the constant-current laser drive 
circuit C4 so long as the high-level signal is applied 
to the control circuit D4. The laser beam output 
emitted from the semiconductor laser 14 is then 
* lowered to reduce the power of the combined 
beams at beam spot S toward the prescribed pow- 
er value. Conversely, the control circuit D4 in- 
creases the current setting in the constant-current 
laser drive circuit C4 in response to the low-level 
signal from the comparator 46. Then, the laser 
beam output emitted from the semiconductor laser 
14 is increased to cause the power of the com- 
bined beam at beam spot S to approach the pre- 
scribed power value. Stated otherwise, the laser 
drive circuit C4 Is controlled by the control circuit 
D4 to vary the laser k^am output from the semi- 
conductor laser 14 so that the difference signal 



produced by the comparator 46 will be eliminated. 
Therefore, the power of the combined beam at 
beam spot S is kept equal to the prescribed 
amount of energy. The current setting in the 

5 constant-current laser drive circuit C4 is increased 
or reduced a small fixed amount by the control 
circuit D4. However, the comparator 51 may com- 
prise a circuit capable of generating a signal having 
a level proportional to the difference between the 

10 laser beam energy signal P and the reference 
signal Sr. and the current setting in the constant- 
cun-ent laser drive circuit C4 may directly be varied 
by such a difference-dependent signal. 

Rgure 4 illustrates a semiconductor laser beam 

IS scanning device according to a fourth embodiment 
of the present invention. The semiconductor laser 
t>eam scanning device of Rgure 4 is substantially 
the same as the semiconductor laser beam scan- 
ning device shown in Rgure 3 except that the 

20 semiconductor lasers 11. 12, 13. 14 are energized 
by drive currents supplied from respective 
constant-output laser drive circuits El, E2, E3r E4. 
The semiconductor lasers 11. 12. 13, 14 have light 
detectors (not shown) mounted in the laser casings. 

25 respectively, thereof for generating laser beam en- 
ergy signals SI . S2. S3, S4 which are fed back to 
the constant-output laser drive circuits El, E2. E3. 
E4, respectively. In response to the laser^ beam 
energy signals SI through S4, the constant-output 

30 laser drive circuits El through E4 control the drive 
currents so that the laser beam energy signals SI 
through S4 wili have prescribed values, i.e., the 
powers of the laser beams 41 through 44 will have 
prescribed values. A control circuit D4 identical to 

35 the control circuit D4 in Rgure 3 is connected to 
the constant-output laser drive circuit E4 for con- 
trolling the drive current supplied from the laser 
drive circuit E4 in response to a high- or low-level 
signal fed from a comparator 46. identical to the 

40 comparator 46 in Rgure 3, connected to the am- 
plifier 53. Therefore, the laser beam 44 emitted 
from the semiconductor laser 14 is controlled to 
keep the power of the single laser beam 45 at a 
prescribed constant level. 

45 A semiconductor laser beam scanning device 

according to a fifth embodiment shown in Rgure 5 
differs from the semiconductor laser beam scan- 
ning device of Rgure 2 in that the six semiconduc- 
tor lasers 61 through 66 are energized by constant 

50 currents supplied from respective constant-current 
laser drive circuits CI, C2, C3. C4. C5. C6. The 
current settings in the constant-current laser drive 
circuits C5, C6 can be varied by control circuits 
D5, D6 connected thereto, respectively, each of the 

55 control circuits D5, D6 being Identical to the control 
circuit D4 shown in Rgure 2. A comparator 51. 
identical to the comparator 46 of Rgure 2. Is con- 
nected between the amplifier 53 and the control 
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circuits D5. D6. The beam energy signal P indica- 
tive of the power of the laser beam 87b is supplied 
from the amplifier 53 to the comparator 46 which 
compares the beam energy signal P with a refer- 
ence signal Sr. A signal of a high or low level (H/L) 
is then issued from the comparator 46 to the con- 
trol circuits 05. D6 to enable the control circuits 
D5. D6 to control the current settings in the drive 
circuits C5, C6 for varying the powers of laser 
beams 85. 86 emitted from the semiconductor la- 
sers 65, 66, thus keeping the laser beam 87b at a 
prescribed level. 

Figure 6 shows a semiconductor laser beam 
scanning device according to a sixth embodiment 
of the present invention. The semiconductor laser 
beam scanning device of Figure 6 is similar to the 
semiconductor laser beam scanning device illus- 
trated in Rgure 4. The semiconductor lasers 11, 
12. 13 out of the four semiconductor lasers are 
energized by a constant current supplied from a 
constant-cun-ent laser drive circuit 54 identical to 
the laser drive circuit 50 shown in Figure 1. The 
remaining semiconductor laser 14 is energized by 
a constant-output laser drive circuit 55 Identical to 
the constant-output laser drive circuit E4 shown in 
Rgure 4. The semiconductor laser 14 has a light 
detector mounted in the laser casing thereof for 
generating a laser beam energy signal S4 which is 
fed back to the constant-output laser drive circuit 
55. In response to the laser beam energy signal 
S4. the constant-output laser drive circuit 55 con- 
trols the drive current so that the laser beam en- 
ergy signal S4 will have a prescribed value, i.e., the 
power of the laser beam 44 will have a prescribed 
value. A control circuit 56 identical to the control 
circuit D4 in Rgure 4 is connected to the constant- 
output laser drive circuit 55 for controlling the drive 
cun-ent supplied from the laser drive circuit 55 in 
response to a high- or low level signal (H/L) fed 
from a comparator 46, Identical to the comparator 
46 in Figure 4, connected to the amplifier 53. 
Therefore, the laser beam 44 emitted from the 
semiconductor laser 14 is controlled to keep the 
power of the single laser beam 45 at a prescribed 
constant level. 

Rgure 7 illustrates a semiconductor laser beam 
scanning device according to a seventh embodi- 
ment of the present invention, which is similar to 
the fifth embodiment shown in Rgure 5. The semi- 
conductor lasers 61. 62, 63. 64. 65 out of the six 
semiconductor lasers are energized by a constant 
current supplied from a constant-current laser drive 
circuit 54 identical to the laser drive circuit 50 
shown in Figure 1. The remaining semiconductor 
laser 66 Is energized by a constant-output laser 
drive circuit 55 Identical to the constant-output la- 
ser drive circuit 55 shown in Figure 6. The semi- 
conductor laser 66 has a light detector mounted in 



the laser casing thereof for generating a laser 
beam energy signal S4 which is fed back to the 
constant-output laser drive circuit 55. In response 
to the laser beam energy signal S4, the constant- 
5 output laser drive circuit 55 controls the drive cur- 
rent so that the laser beam energy signal S4 will 
have a prescribed value, i.e.. the power of the laser 
beam 44 will have a prescribed value. A control 
circuit 56 Identical to the control circuit 56 in Rgure 
10 6 is connected to the constant-output laser drive 
circuit 55 for controlling the drive cun^ent fed from 
the laser drive circuit 55 in response to a high- or 
low-level signal (H/L) fed from a comparator 46, 
identical to the comparator 46 in Rgure 6, con- 
75 nected to the amplifier 53. The laser beam 44 
emitted from the semiconductor laser 66 is thus 
controlled to keep the power of the laser beam 87b 
at a prescribed constant level. 

The number of laser beams to be combined 
20 into a single laser beam is not limited to four or six 
as illustrated in the foregoing embodiments. Where 
more laser beams are combined so that the power 
of the combined laser beam will tend to vary to a 
greater extent, two or more semiconductor lasers 
25 may be controlled for varying the power of laser 
beams emitted therefrom to provide a wider laser 
beam power control range than the extent to which 
the power of the combined laser beam varies. 

30 Claims 

1. A semiconductor laser beam scanning device 
comprising: 

I) a plurality of semiconductor lasers (11, 
35 12, 13. 14) for emitting a respective plurality 

of primary laser beams (41 .42.43,44); 
ii) combining means (6) for combining said 
primary laser beams into a single combined 
laser beam (45); 
40 iii) scanning means (5) for scanning a sur- 

face (7) with said combined laser beam; 
(iv) detecting means (52) for detecting tiie 
power of said combined laser beam; and 
v) conti-ol means (51) responsive to a de- 
45 tected signal from said detecting means for 

controllably energizing at least one but not 
all of said semiconductor lasers to control 
the power of the primary laser beam emit- 
ted therefrom and tiiereby maintain sub- 
so stantially constant tine power of said com- 
bined laser beam. 

2. A device as claimed in claim 1, wherein said 
detecting means comprises a laser beam en- 
55 ergy detector (52) disposed adjacent to said 

surface (7) for detecting the power of said 
combined laser beam (45) in each cycle of 
scanning of said surface. 
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3. A device as claimed In claim 1, wherein said 
detecting means comprises a beam splitter 
(92) disposed in a beam path for said com- 
bined laser beam (87) for dividing a laser 
beam (87a) from said combined laser beam, 
and a laser beam energy detector (52) for 
detecting the power of s£ud divided laser beam 
(87a). 

4- A device as claimed in either of claims 1 and 2 
wherein said semiconductor lasers 
(11,12,13,14) are arranged to generate the pri- 
mary laser beams (41,42,43.44) parallel to 
each other, said scanning means comprises a 
galvanometer mirror (5) for deflecting said pri- 
mary laser beams, and said combining means 
comprises a focusing lens (6) for converging 
said primary laser beams onto said surface (7) 
to form said combined laser beam (45) thereat. 

5. A device as claimed in either of claims 1 and 3 
wherein said combining means comprises a 
hologram element (90). and said semiconduc- 
tor lasers (61. 62, 63, 64, 65, 66) are anranged 
to generate the primary laser beams (81, 82, 
83, 84, 85, 86) convergent toward said holog- 
ram element. 

6. A device as claimed in any one of claims 1 to 
5 wherein said control means comprises a 
laser drive/control circuit (51) including means 
for comparing said detected signal (P) with a 
reference laser beam signal representative of a 
prescribed power of said combined laser beam 
(45) and for energizing said at least one semi- 
conductor laser (14) based on the difference 
between said detected signal and said refer- 
ence laser beam signal. 

7. A device as claimed in any one of claims 1 to 
5 wherein said control means comprises a 
laser drive circuit (C4) for generating a drive 
current to energize said at least one semicon- 
ductor laser (14), a comparator (46) for com- 
paring said detected signal (P) with a reference 
laser beam signal (Sr) representative of a pre- 
scribed power of said combined *aser beam 
(45) and for producing a difference signal (H/L) 
indicative of the difference between said de- 
tected signal and said reference laser beam 
signal, and a control circuit (D4) responsive to 
said difference signal for controlling said laser 
drive circuit to vary said drive current so that 
said difference signal will be eliminated. 

8. A device as claimed in claim 7. wherein said 
laser drive circuit comprises a constsmt-current 
laser drive circuit with a cunrent setting variable 



by said control circuit, including a common 
constant-current laser drive circuit for energiz- 
ing the semiconductor lasers (11,12.13) except 
said at least one semiconductor laser (14). 

5 

9. A device as claimed in claim 7, wherein said 
laser drive circuit comprises a constant-current 
laser drive circuit (C4) with a current setting 
variable by said control circuit (D4), including a 
10 plurality of constant-current laser drive circuits 

(CI, C2, C3) for energizing the respective 
semiconductor lasers (11, 12, 13) except said 
at least one semiconductor laser (14). 

75 10. A device as claimed in claim 7. wherein said 
laser drive circuit comprises a constant-output 
laser drive circuit (E4) with a laser drive cur- 
rent variable by said control circuit (D4), in- 
cluding a plurality of constant-output laser 

20 drive circuits (El, E2. E3) for energizing, the 

respective semiconductor lasers (11, 12,-13) 
except said at least one semiconductor laser 
(14). 

25 11. A device as claimed in claim 7, wherein said 
laser drive circuit comprises a constant-output 
laser drive circuit (55) with a laser drive current 
variable by said control circuit (56), including a 
common constant-current laser drive: circuit 

30 (54) for energizing the semiconductor lasers 

(11,12,13,14) except said at least one semicon- 
ductor laser (14). 

Revendlcations 

35 

1. Oispositif de balayage par falsceaux laser a 
semiconducteur, comprenant : 

i) plusieurs lasers a semiconducteur (11. 12, 
13, 14) 6mettant respectivement plusieurs 
40 falsceaux laser primaires (41 , 42, 43, 44) ; 

il) un moyen de combinaison (6) servant k 
combiner lesdits falsceaux laser primaires 
en un unique faisceau laser combing (45) : 

iii) un moyen de balayage (5) servant k faire 
45 balayer une surface (7) par ledit faisceau 

laser combine ; 

iv) un moyen de detection (52) servant a 
detector la puissance dudit faisceau laser 
combing ; et 

50 v) un moyen de commando (51) qui repond 

k un signal detecte venant dudit moyen de 
detection en excitant de fagon ajustable au 
moins un, consrd6re k part, desdits lasers a 
semiconducteur, mais non pas tous, afin de 

55 commander la puissance du faisceau laser 

primaire 6m\s par celui-ci et, de cette ma- 
niere, de maintenir senslblement constante 
la puissance dudit faisceau laser combing. 
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2. Dispositif selon la revendicatlon 1, oQ ledit 
moyen de detection comprend un detecteur 
(52) d'energie de faisceau laser qui est dispo- 
se au voisinage de ladite surface (7) affn de 
detecter la puissance dudit faisceau laser com- 5 
bine (45) k chaque cycle de balayage de ladite 
surface. 

3. Dispositif selon la revendication 1. oQ ledit 
moyen de detection comprend un separateur io 
de faisceau (92) dispose sur le trajet de fais- 
ceau dudit faisceau laser combin6 (87) afin de 
separer un faisceau laser (87a) dudit faisceau 
laser combine, et un detecteur d'energie de 
faisceau laser (52) servant a detecter la puis- is 
sance dudit faisceau laser s6par6 (87a). 

4. Dispositif selon la revendication 1 ou 2. oD 
lesdits lasers a semiconducteur (11, 12. 13, 

14) sont disposes de fagon a produire les 20 
faisceaux laser primaires (41. 42. 43, 44) paral- 
felement les uns aux autres. ledit moyen de 
balayage comprend un miroir galvanomStrique 
(5) servant a devier lesdits faisceaux laser pri- 
maires, et ledit moyen de combinaison com- 2s 
prend une lentille de focalisation (6) servant a 
faire converger lesdits faisceaux laser primai- 
res sur ladite surface (7) afin de former sur 
celie-ci ledit faisceau laser combine (45). 

30 

5. Dispositif selon la revendication 1 ou 3. ou 
ledit moyen de combinaison comprend un ele- 
ment holographique (90). et lesdits lasers h 
semiconducteur (61, 62. 63. 64. 65. 66) sont 
disposes de fagon a produire les faisceaux 35 
laser primaires (81, 82, 83. 84, 85, 86) afin 
qu'ils convergent vers ledit §l6ment hologra- 
phique. 

6. Dispositif selon I'une quelconque des revendi- 40 
cations 1 a 5. oCi ledit moyen de commande 
comprend un circuit (51) 
d'excitation/commande de laser comportant un 
moyen qui sert k comparer ledit signal detect© 

(P) avec un signal de faisceau laser de refe- 45 
rence representatif d'une puissance prescrite 
dudit faisceau laser combine (45) et a exciter 
ledit ou lesdits lasers a semiconducteur consi- 
deres a part (14) sur la base de la difference 
entre ledit signal detecte et ledrt signal de so 
faisceau laser de reference. 

7. Dispositif selon I'une quelconque des revendi- 
cations 1 a 5, oO ledit moyen de commande 
comprend un circuit d'exdtation de laser (C4) 55 
servant h produire un courant d'excitation afin 
d'exdter ledit ou lesdits lasers it semiconduc- 
teur cons!d6res part (14), un comparateur 



(46) servant k comparer ledit signal detecte (P) 
avec un signal de faisceau laser de reference 
(Sr) representatif d'une puissance prescrite du- 
dit faisceau laser combine (45) et a produire 
un signal de difference (H/L) indicatif de la 
difference entre ledit signal d6tect6 et ledit 
signal de faisceau laser de reference, et un 
circuit de commande (D4) qui repond audit 
signal de difference en commandant ledit cir- 
cuit d'excitation de laser afin de faire varier 
ledit courant d'excitation de fagon que ledit 
signal de difference soit elimin6. 

8. Dispositif selon la revendication 7, oO ledit 
circuit d'excitation de laser comprend un cir- 
cuit d'excitation de laser a courant constant 
dont la valeur de rgglage de courant peut etre 
modifiee par ledit circuit de commande, com- 
portant un circuit d'excitation de laser k cou- 
rant constant commun servant k exciter les 
lasers a semiconducteur (11. 12, 13) Si Texcep- 
tion dudit ou desdits lasers a semiconducteur 
considires k part (14). 

9, Dispositif selon la revendication 7, ou ledit 
circuit d'excitation de laser comprend un cir- 
cuit d'excitation de laser a courant constant 
(C4) dont la valeur de reglage de courant peut 
etre modifiee par ledit circuit de commande 
(D4), comportant plusieurs circuits d'excitation 
de laser a courant constant (CI. C2. C3) ser- 
vant a exciter les laser a semiconducteur res- 
pectifs (11. 12, 13) rexception dudit ou des- 
dits lasers k semiconducteur consideres a part 
(14). 

10. Dispositif selon la revendication 7. oO ledit 
circuit d'excitation de laser comprend un cir- 
cuit d'excitation de laser a niveau de sortie 
constant (E4) dont le courant d'excitation de 
laser peut §tre modifie par ledit circuit de 
commande (D4), comportant plusieurs circuits 
d'excitation de laser a niveau de sortie 
constant (El. E2. E3) sen/ant a exciter les 
lasers a semiconducteur respectifs (11. 12. 13) 
a I'exception dudit ou desd'its lasers a semi- 
conducteur consideres a part (14). 

11. Dispositif selon la revendication 7, oO ledit 
circuit d'excitation de laser comprend un cir- 
cuit d'excitation de laser k niveau de sortie 
constant (55) dont le courant d'excitation de 
laser peut etre modifie par ledit circuit de 
commande (56). competent un circuit d'excita- 
tion de laser a courant constant commun (54) 
servant k exciter les lasers k semiconducteur 
(11, 12. 13) k rexception dudit ou desdits 
lasers k semiconducteur consid^ris a part 
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(14). 

Patentanspruche 

1, Halbleiterlaserstrahl-Abtastvorrichtung mit: s 

i) einer Mehrzahl von Halblefterlasern (11, 
12. 13. 14) zum Abstrahlen eIner jeweiligen 
Mehrzahl von primaren Laserstrahlen (41. 
42. 43. 44); 

ii) einer Kombiniervorrichtung (6) zum Kom- io 
binieren der primaren Laserstrahlen in el- 
nem einzigen, kombinierten Laserstrahl 
(45); 

iit) einer Abtastvorrichtung (5) zum Abtasten 
einer Oberflache (7) mit dem kombinierten is 
Laserstrahl; 

iv) einer Dotekliervonichtung (52) zum De- 
tektieren der Leistung des kombinierten La- 
serstrahls; und 

v) einer Regelvorrichtung (51), die auf ein 20 
von der Detektionsvorrichtung detektiertes 
Signal reagiert, um regeind wenigstens ei- 

nen aber nicht alle der Halbleiterlaser einzu- 
schalten, um die Leistung des davon abge- 
strahlten, primSren Laserstrahls zu regeln 25 
und dadurch die Leistung des kombinierten 
Laserstrahls im wesentlichen konstant zu 
halten. 

2. Vorrichtung nach Anspruch 1 , wobei die Detek- 30 
tiervorrichtung einen Laserstrahl-Leistungsde- 
tektor (52) umfaBt, der angrenzend an die 
OberflSche (7) angeordnet ist. um die Leistung 

des kombinierten Laserstrahls (45) be! jedem 
Abtastzyklus der OberflMche Zu detektieren. 35 

3- Vorrichtung nach Anspruch 1 . wobei die Detek- 
tiervonichtung einen Strahlteiler (92), der in 
einem Strahlweg fUr den kombinierten Laser- 
strahl (87) angeordnet ist, um einen Laserstraihl 40 
(87a) von dem kombinierten Laserstrahl zu tei- 
len, und einen Laserstrahl-Energiedetektor (52) 
umfafit, um die Leistung des geteilten Laser- 
strahls (87a) zu detektieren. 

45 

4. Vorrichtung nach Anspruch 1 Oder 2, wobei die 
Halbleiterlaser (11, 12, 13. 14) angeordnet 
sind. die primaren Laserstrahlen (41, 42. 43, 
44) parallel zueinander zu erzeugen, wobei die 
Abtastvorrichtung einen Galvanometerspiegel so 
(5) zum Ablenken der primMren Laserstrahlen 
umfafit und wobei die Kombiniervorrichtung 
eine Fokusierlinse (6) zum BUndeIn der prima- 
ren Laserstrahlen auf der Oberflache (7) um- 
faBt. um darauf den kombinierten Laserstrahl 55 
(45) zu bilden. 

5. Vonichtung nach Anspruch 1 oder 3, wobei die 
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Kombiniervorrichtung ein Hologrammelement 
(90) umfa/3t und die Halbleiterlaser (81. 82, 63. 
64, 65, 66) angeordnet sind, die primaren La- 
serstrahlen (81. 82, 83. 84, 85, 86) zu dem 
Hologrammelement konvergent zu erzeugen. 

6, Vonichtung nach einem der AnsprQche 1 bis 
5, wobei die Regelvorrichtung einen Laser- 
Treiber/Regelungsschaltkreis (51) umfaBt. der 
eine Vorrichtung zum Vergieichen des festge- 
stellten Signals (P) mit einem Referenzlaser- 
strahlsignal, das fur eine vorgegebene Leistung 
des kombinierten Laserstrahls (45) reprasenta- 
tiv ist. und zum EInschalten des wenigstens 
einen Lasers (14) auf der Basis der Differenz 
zwischen dem festgestellten Signal und dem 
Referenzlaserstrahlsignal umfafit 

7. Vorrichtung nach einem der AnsprOche 1 bis 
5, wobei die Regelvorrichtung einen Lasertrei- 
berschaltkreis (C4) zum Erzeugen eines Trei- 
berstroms zum Einschalten des wenigstens. ei* 
nen Lasers (14), einen Komparator (46) zum 
Vergieichen des festgestellten Signals (P) mit 
einem Referenzlaserstrahlsignal (Sr), das fUr 
eine vorgegebene Leistung des kombinierten 
Laserstrahls (45) reprasentativ ist, und zum 
Erzeugen eines Differenzsignals (H/L). das die 
Differenz zwischen dem festgestellten Signal 
und dem Referenzlaserstrahlsignal anzeigt. 
und einen Regelschaltkreis (04) umfaflt, der 
auf das Oifferenzsignal zum Regeln des Laser- 
trelberschaltkreises reagiert. um den Treiber- 
strom zu verandern. so daB das Oifferenzsignal 
eliminiert wird. 

& Vorrichtung nach Anspruch 7, wobei der Laser- 
treiberschaltkreis eine Konstantstrom-Lasertrei- 
berschaitkreis mit einer durch den Regelschalt- 
kreis variablen Stromeinstellung umfafit, der ei- 
nen gemeinsamen Konstantstrom-Lasertreiber- 
schaltkreis zum Einschalten der Halblelteriaser 
(11. 12. 13) aufier des wenigstens einen Halb- 
letterlasers (14) umfafit 

9. Vorrichtung nach Anspruch 7, wobei der Laser- 
treiberschaltkrels einen Konstantstrom-Laser- 
treiberschaltkreis (04) mit einer durch den Re- 
gelschaltkreis (D4) variablen Stromeinstellung 
umfafit der eine Mehrzahl von Konstantstrom- 
Lasertreiberschaltkreisen (01. 02. 03) zum 
Einschalten der jeweiligen Halbleiterlaser (11. 
12, 13) aufier des wenigstens einen Halbleiter- 
lasers (14) umfafit 

10. Vorrichtung nach Anspruch 7, wobei der Laser- 
treiberschaltkreis einen Konstantausgang-La- 
sertreiberschaltkreis (E4) mit einem durch den 
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Regelschaltkreis (D4) variablen Lasertreiber- 
strom umfafit. der eine Mehrzahl von 
Konstantausgang-Lasertreiberschaltkreisen (E1 . 
E2. E3) zum Einschalten der jeweiligen Halb- 
leiterlaser (11. 12, 13) aufler des wenigstens s 
einen Halbleiterlasers (14) umfaBt 

11. Vorrichtung nach Anspruch 7. wobei der Laser- 
treiberschaltkreis einen Konstantausgang-La- 
sertreiberschaltkreis (55) mit einem durch den io 
Regelschaltkreis (56) variablen Lasertreiber- 
strom umfaBt. der einen gemeinsamen 
Konstantausgang-Lasertreiberschaltkreis (54) 
zum Einschalten der jeweiligen Halbleiteriaser 
(11. 12. 13. 14) aufler des wenigstens einen is 
Halbleiterlasers (14) umfaflt. 
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